The objective of this study was to evaluate the effects of forage palm combined with different forages in the diet of F1 Holstein x Zebu cows, on the quality of Minas Frescal cheese. Two simultaneous 4 x 4 Latin squares were used in the experimental design. The treatments consisted of sorghum silage as the sole forage source; replacement of 50% sorghum silage by forage palm; elephant grass as the only forage source; 50% replacement of elephant grass by forage palm. Milk samples from each cow were analyzed for the chemical composition and the milk was pasteurized for cheese production. The gross and adjusted yields, texture, chemical and sensorial characteristics and fatty acid profile were evaluated. The chemical composition of the cheese was not influenced by the diets, as well as the sum of saturated, monounsaturated and polyunsaturated fatty acids. However, a lower stearic acid content was found in cheese from the milk of cows fed grass with forage palm and a lower value of conjugated linoleic acid for the diet with silage alone. In the consumer preference ranking test, the most preferred cheese was that of the sorghum silage diet and the least preferred was that of the sorghum silage/forage palm diet. In the overall impression, higher scores were assigned to cheeses of the treatments with exclusive silage or elephant grass. The replacement of 50% sorghum silage or elephant grass by the forage palm did not change the chemical composition of the Minas Frescal cheese, however, it modified the profile of fatty acids and decreased the acceptance and preference of cheese by the consumers. silagem de sorgo como única fonte volumosa; substituição de 50% da silagem de sorgo por palma forrageira; capim-elefante como única fonte volumosa; substituição de 50% do capim-elefante pela palma forrageira. As amostras de leite de cada vaca foram analisadas quanto à composição química e o leite foi pasteurizado para fabricação do queijo, sendo avaliados rendimentos bruto e ajustado, textura, características químicas e sensoriais e perfil de ácidos graxos. A composição química do queijo não foi influenciada pelas dietas, assim como os somatórios de ácidos graxos saturados, monoinsaturados e poli-insaturados. Entretanto, menor teor do ácido esteárico foi observado no queijo proveniente do leite das vacas alimentadas com capim com palma e menor valor de ácido linoleico conjugado para dieta com apenas silagem. No teste de ordenação de preferência pelos consumidores, o queijo mais preferido foi o da dieta com silagem de sorgo e o menos preferido o da dieta com silagem de sorgo/ palma. Na impressão global, maiores notas foram dadas para os queijos dos tratamentos com silagem e capim-elefante exclusivos. A substituição de 50% da silagem de sorgo ou capim-elefante pela palma forrageira não alterou composição química do queijo Minas Frescal, entretanto, modificou o perfil de ácidos graxos e diminuiu aceitação e preferência dos queijos pelos consumidores.
Introduction
Among the products derived from milk processing, Minas Frescal cheese stands out as one of the most consumed in the country (IBGE, 2010) .
To maintain the quality standard in its production, in addition to the adequate processing, it is fundamental the quality of the raw material, which can be influenced, among other factors, by the diet of the animal (MARTINS et al., 2012; MELO et al., 2017; SOUZA et al., 2015) .
The interest in the cultivation and knowledge of forage palm has been growing in recent years by the rural producers involved in dairy farming in the arid and semi-arid regions of the country (FERREIRA et al., 2009; SILVA et al., 2007; SOUZA et al., 2010) . The forage palm adapts to the adverse conditions of the semi-arid region, due to its physiology characterized by the photosynthetic process called Crassulacean Acid Metabolism (CAM), which is expressed with greater intensity under conditions of severe abiotic stresses (GALVÃO JÚNIOR et al., 2014) . Forage palm is a food rich in non-fiber carbohydrates (60.7%) and has a high content of mineral matter (10.21%), besides being a source of water, with 90% moisture (WANDERLEY et al., 2002) . Cavalcante et al. (2008) demonstrated the potential of forage palm to replace traditional forage sources in herd feeding (CAVALCANTE et al., 2008) . However, forage palm cannot be supplied exclusively to animals because it has limitations on protein and fiber value (GALVÃO JÚNIOR et al., 2014) . The exclusive use of forage palm in the diet or in excessive amounts can cause digestive disorders, as well as soft stools and decreased rumination (WANDERLEY et al., 2002) . Therefore, the use of forage palm in the forage fraction of the diet of lactating cows should be evaluated with caution, as it may impair the quality of milk and its derivatives, considering that the drop in milk fat content may be related to abnormal ruminal fermentation due to excess concentrate or low amount of fiber in the diet, with a decrease in pH and alteration in the ruminal acetate: propionate ratio.
According to Nudda et al. (2014) , one of the major dietary factors related to modifications of milk fatty acid composition is related to changes in the forage fraction of the diet and the milk processing does not cause a substantial change in this composition. In the literature, the determination of the fatty acid profile of the cheese and the milk from cows fed diets containing forage palm was not found, requiring research to evaluate the influence of the use of this forage on the lipid quality of the milk and its derivatives.
The goal of this study was to evaluate the effects of the use of forage palm combined with different forages in the diet of F1 Holstein x Zebu cows on the quality of the Minas Frescal cheese.
Material and Methods
All procedures involving animals were approved by the institutional committee on animal use (protocol number under registration 138/2017). The experiment was conducted at the Experimental Farm of the State University of Montes Claros -UNIMONTES, located in the municipality of Janaúba, in the north of the State of Minas Gerais, where the climate is Aw, characterized by rainy summers and dry winters.
Eight F1 Holstein x Zebu cows with 72 ± 11 days of lactation were used at the beginning of the experiment. The experimental design was two simultaneous 4 × 4 Latin squares, each composed of four animals, four treatments and four experimental periods. Four experimental diets were used: Treatment 1 -Diet without forage palm (Opuntia ficus indica Mill), with sorghum silage as forage; Treatment 2 -Diet with 50% substitution of sorghum silage by forage palm; Treatment 3 -Diet without inclusion of forage palm, having elephant grass cv. Roxo as the only forage source; Treatment 4 -Diet with 50% substitution of elephant grass cv. Roxo by forage palm. The forage: concentrate ratio, in the total dry matter (DM) of the diet, was 75:25. The experiment lasted 72 days, divided into four periods of 18 days; the first 14 days of each period to adapt the animals to the diets and the last four days for data collection and sampling. The diets were prepared to be isoproteic to meet cows with an average of 550 kg body weight and average production of 15 kg of milk corrected to 3.5% fat day -1 and were fed to cows twice a day at 07h and at 13h, in a complete diet system. The urea was used to correct the crude protein content of the forage fraction of the diets, using a single concentrate in the four experimental diets. To ensure the maintenance of the forage: concentrate ratio in the total DM of the diets and that they were kept isoproteic, the DM and crude protein (PB) contents of the forages were analyzed weekly, according to Detmann et al. (2012) .
The forage palm used was the species Opuntia ficus-indica Mill, cv. Gigante obtained from the Agricultural Research Company of Minas Gerais (EPAMIG), located in the municipality of Nova Porteirinha. The foods offered daily were weighed on a digital scale and the supply was adjusted so that the leftovers represented 5% of the amount of dry matter supplied. The proportion of the ingredients used in the diets and their chemical composition are listed in table 1. The analyses were performed as described in Detmann et al. (2012) . 2 NDFcp = Neutral detergent fiber corrected for ash and protein; Mean percentages of Urea/SA (9: 1) in dry matter of forage fractions of diets: 0.72% (sorghum silage), 1.07% (silage with forage palm), 0.3% (elephant grass), 0.6% (grass with forage palm). continuation Cows were kept in individual stalls and milked with a mechanical milking machine (semi open) twice a day at 8h and 14h. The presence of the calf was used to stimulate milk secretion and, after milking, they remained with the dams to suckle the residual milk. To characterize the milk from each experimental diet, samples were collected twice a day, during the last four days of each period, and a pool of morning and afternoon milk samples was made in proportion to the amount produced.
In flasks containing Bronopol preservative, 50 mL milk samples were added and homogenized for later referral to Milk Clinics, a branch of the Animal Sciences Department of the "Luiz de Queiroz" School of Agriculture, University of São Paulo, located in Piracicaba, State of São Paulo, where the levels of fat, protein, lactose, total dry extract (TDE) and defatted dry extract (DDE) were determined by the infrared method (Table 2) . Minas Frescal cheese was produced in the Laboratory of Technology of Animal Products of UNIMONTES -Campus Janaúba, according to the following production flow:
1) The milk from each experimental diet, separately, was weighed, filtered and subjected to slow pasteurization (65°C for 30 minutes).
2) The milk was cooled to 39°C, when calcium chloride (40 mL/100L) and rennet (30 mL/100L) were added, which was diluted in equal parts of filtered water.
3) After 40 -60 minutes, milk coagulation occurred 4) The mass was cut with a stainless-steel knife in cubes of 1.5 to 2 cm, intercalating the stirring and the rest to promote the whey draining.
5) The mass was put into plastic forms and salted (700g/100L of refined white salt).
6) The cheeses were cooled to a temperature of 4°C for approximately 12 hours.
7) The cheeses were removed from the forms, packed, weighed on a digital scale for yield determination and reserved for further analysis of texture, chemical and sensory composition.
Samples of cheeses from each treatment were frozen and sent to the Laboratory of Animal Nutrition and Growth -ESALQ -USP where the profile of fatty acids was determined.
The gross yield was calculated by the formula: Gross yield (kg/kg) = formulation weight (milk plus ingredients) (kg)/mass of cheese after packaging (kg). The yield adjusted for the moisture content of the cheese was calculated considering a value of 57% as reference for the moisture of the Minas Frescal cheese, according to the equation: Adjusted Yield (L/kg) = milk volume (L) x (100 -% intended moisture) / (kg cheese x solid content (%) (FURTADO, 2005) . The texture of the cheese samples was determined using a TexturometerStabic Micro Systems, TAXT Model, with the aid of a Software, providing the cutting force (kg). It was used a Probe Warner Bratzler cell with a speed of 3 mm/second. To determine the chemical characteristics of the cheese, the following analyses were performed in triplicate: titratable acidity (ºD), using a phenolphthalein indicator solution (0.1%), pH by means of the Tecnopon digital pHmeter, percentage fat content by the Gerber method, protein by the Kjeldahl method, fixed mineral residue, by the elimination of organic matter at 550°C; total solids by evaporating water from the sample using an oven at 105°C and the moisture was determined by subtraction of the total solids; and water activity (Aw) by means of Aw meter, AquaLab ® model.
In order to determine the fatty acid profile, transmethyled samples of cheeses were analyzed by a Finnigan Focus GC Gas Chromatograph with flame ionization detector, CP-Sil 88 capillary column (Varian), 100 μm long, 0.25 μm internal diameter and 0.20 μm film thickness. Fatty acids were identified by comparing the retention times of the methyl esters of the samples with fatty acid patterns of butter. The fatty acids were quantified by normalizing the areas of the methyl esters. The results of the fatty acids were expressed in mg/g of fat.
The nutritional quality of the lipid fraction of the cheese was evaluated by the fatty acid composition data, using the following calculations: Atherogeneity Index (AI) = {(C12: 0 + (4 × C14:0) + C16:0)}/ (Σ monounsaturated fatty acids + Σω6 + Σω3) and Thrombogenicity Index (TI) = (C14:0 + C16:0 + C18:0)/{(0.5 × Σ monounsaturated fatty acids) + (0.5 × Σω6 + (3 × Σω3) + (Σω3 /Σω6)}, according to Ulbricht and Southgate (1991) ; the ratio of hypocholesterolemic to hypercholesterolemic fatty acids (HH) = (monounsaturated + polyunsaturated)/ (C14:0 + C16:0) and Desirable Fatty Acids (DFA) = (unsaturated + C18: 0) according to Costa et al. (2008) ; the ratio of polyunsaturated fatty acids to saturated fatty acids and the ratio of ω6 to ω3 (COSTA et al., 2008) .
Assessment of cheeses by untrained panelists was performed using the sensory acceptance test described by Meilgaard et al. (1999) . The sensory analysis of cheeses was done in five periods, with 25 testers per period, the samples were coded and cut into cubes weighing 25 g and supplied in disposable cups. The samples with their respective codes were simultaneously served and classified by the tasters to evaluate the general acceptance of the same, assigning the score 1 for the least accepted and 9 for the most accepted. The preference ranking test followed the methodology described by Meilgaard et al. (1999) .
Data were tested by analysis of variance and, when significant, the means of the treatments were compared by Tukey's test, considering α = 0.05. For preference ranking of the cheese samples, data were subjected to the minimum significant difference analysis, considering α = 0.05.
Results and Discussion
The chemical composition of the Minas Frescal cheese presented no differences for fat, protein, total solids (TS), moisture and fixed mineral residue (FMR) between diets with and without the presence of forage palm (Table 3 ). The moisture of the cheeses presented results according to the current legislation that classifies Minas Frescal cheese as being of very high moisture, that is, moisture of not less than 55% (BRASIL, 2004) . A mean value of 57.74% moisture was observed for the cheeses obtained in this study (Table 3) . The total dry extract (TDE) of the cheeses was on average 42.11%. Similar results were found by Martins et al. (2012) working with cows fed different forages, obtaining a mean value of 43% TDE in Minas Frescal cheese. According to Brasil (2004) , the Minas cheese protein can vary up to 40%, proving that the cheeses obtained in this study are within the standards of identity and quality of cheeses in Brazil. In addition, they can be classified as semi-fatty, since they have between 28.02 and 33.9% fat in the total dry extract and, therefore, are within the standards required by current legislation (BRASIL, 2004) . The studied diets confer, on average, 6.97% of fixed mineral residue in EST of Minas Frescal cheese (Table 3) . The values of titratable acidity and pH were not influenced by the diets (Table 3) The cheese texture was also not influenced by the diets (P> 0.05). According to O'Callaghan and Guinee (2004) , the texture of cheese is one of the most important characteristics for defining the identity and acceptance of the product, because it is mainly through this property that consumers identify and judge each variety.
The combination of forage palm to different forage did not alter gross and adjusted yields for the moisture content of Minas Frescal cheese (Table 3) . The protein content and, especially, the proportion of casein in the total milk protein has a determining influence on the yield. Thus, the absence of significance for yield was expected, since the protein content of the milks of each treatment were very close, as well as the fat and total solids contents (Table 2 ).
In the evaluation of the fatty acid profile of the Minas Frescal cheese, there was no influence of diet on the saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty acids (PUFA) (P<0.05) ( Table 4) . A mean proportion of saturated fatty acids of 76.75%, monounsaturated fatty acids of 20.01% and polyunsaturated fatty acids of 1.65% was found. Among the class of saturated fatty acids in Minas Frescal cheese, there was a difference (P <0.05) for C18: 0 (stearic) and C24: 0 (lignoceric) acids, both of which presented higher values in the diet which provided sorghum silage as exclusive forage. In general, saturated fat increases the plasma cholesterol concentration; however, stearic SFA (C18: 0) is considered to be neutral in its effects on cholesterol, which can be rapidly converted to oleic acid (monounsaturated), promoting a positive effect on human health due to its hypocholesterolemic function (COSTA et al., 2008) .
Much of the saturated fatty acids in milk, with 18 or more carbons in the chain, originate from the diet. Among them, stearic acid normally has the highest levels in milk and milk products. The stearic acid content in milk fat is associated with the intake of this acid and the degree of ruminal biohydrogenation of polyunsaturated fatty acids, and this relationship occurs because stearic is the end product of this process (NUDDA et al., 2014) . Thus, according to Soyeurt et al. (2008) , the higher the stearic concentration in milk, the greater the biohydrogenation on the rumen polyunsaturated acids.
In the monounsaturated fatty acid class, a difference was found for the fatty acid C18: 1cis9 (oleic), with higher value in the treatment in which the cows received elephant grass as the sole forage source and a higher concentration of C18:1trans was observed for the diets in which elephant grass associated with forage palm and elephant grass alone. Moallem (2009) cites the accumulation of C18:1 trans in milk as a characteristic of incomplete biohydrogenation of fatty acids in the rumen. C18:1 trans specific isomers may be related to the depletion of de novo synthesis in the mammary gland.
The concentration of conjugated linoleic acid (CLA) (C18: 2c9 t11) in the cheese fat was lower with the diet with sorghum silage as exclusive forage compared to the other diets. On the other hand, the levels of C18: 3 n-3-α-linolenic acid also varied according to the diets (P <0.05), being higher with the diet based on sorghum silage in relation to the diets in which the forage palm was included.
Unlike saturated fatty acids, long-chain, monounsaturated and polyunsaturated fatty acids contribute to the increase of high-density cholesterol (HDL) (SANTOS et al., 2013) . For the beneficial effects, stand out the unsaturated fatty acids oleic (C18: 1cis-9) and the isomers of conjugated linoleic acid (CLA), related to cholesterol reduction and anticarcinogenic effects, respectively (DILZER; PARK, 2012; LANIER; CORL, 2015) . PUFAs are not synthesized by ruminant tissues, their concentration in milk is determined by the amount of these acids that reach the duodenum (NUDDA et al., 2014) . In this study, the forage: concentrate ratio was fixed (75:25) and the same for all treatments, however, the diets with presence of forage palm presented higher contents of fast-fermenting carbohydrates, and lower fiber contents (Table 1) , which may have caused lower ruminal pH values and increased passage rate, thus impairing the activity of the microorganisms responsible for the final metabolic steps of biohydrogenation of fatty acids, which may justify the lower content of stearic fatty acid in cheese for diets containing forage palm, as well as higher values of CLA and C18: 1 trans, which are intermediates of this process in the rumen.
According to Nudda et al. (2014) , milk processing does not cause a significant change in the fatty acid profile and thus the fatty acid concentrations in the fat of milk derivatives are essentially dependent on the fatty acid profile of the milk before processing. The most significant changes in the FA profile of ruminant milk have been observed mainly by the variation in the number and types of forage, as well as by the addition of oil sources (MOURTHÉ et al., 2015; RIBEIRO et al., 2014) , since they have an effect on the ruminal biohydrogenation of polyunsaturated fatty acids. In the present study, none of the nutritional quality indices of the Minas Frescal cheese lipid fraction was influenced by the diets evaluated (Table 5) . Atherogenicity (AI) and thrombogenicity (TI) indices indicate the potential for stimulating platelet aggregation, the lower the AI and TI values, the greater the amount of antiatherogenic fatty acids continuation present in a particular oil/fat and, consequently, the greater is the potential to prevent the onset of coronary heart disease. According to Bentes et al. (2009) , there are no recommended values for AI and TI in dairy products, therefore, the lower the value of these indices, the more favorable is the fatty acid profile to human health. In the sensory analysis of Minas Frescal cheese, differences were detected for the acceptance test (Table 6 ), using a nine-point hedonic scale. For appearance, a higher score was assigned to the cheese from milk of cows fed diet containing only sorghum silage as forage, indicating that the tasters moderately liked the same. However, tasters liked the appearance of all cheeses, although slightly, for diets containing forage palm. When analyzed for consistency and flavor, higher scores were for the cheeses of the treatments with only sorghum silage or sorghum silage and forage palm, and only elephant grass. For overall impression, higher scores were given to the cheese from treatments with exclusive silage and exclusive elephant grass, differing from the treatment where grass combined with forage palm was offered. Values that approximate scale 7 (moderately liked) indicate satisfactory results for the acceptance test, which occurred in the present study, for appearance, in all diets supplied, however, for consistency, taste and overall impression, results found in treatment with 50% substitution of elephant grass by forage palm, were lower than 6, showing a negative influence for cheeses from the milk of cows fed this diet. For the preference ranking test (Table 7) , there was a difference (P <0.05) between the treatments, showing that the most preferred cheese was the diet without forage palm inclusion, with sorghum silage as forage, and the least preferred was that of the diet with 50% substitution of sorghum silage by forage palm. The forage palm in 37.5% of the total dietary dry matter may have provided sensory changes to the Minas Frescal cheese, which were perceptible to the tasters. According to Costa et al. (2009) , there are many factors that may interfere with the sensory characteristics of cheese, among these factors, the fat is highlighted, and these changes do not only occur in relation to its content, but also to the composition, acting mainly on color, odor, taste and brightness of the dairy derivative.
Conclusions
The substitution of 50% sorghum silage or elephant grass by the forage palm did not change the chemical composition of the Minas Frescal cheese, however, it modified the profile of fatty acids and decreased the acceptance and preference of the cheeses by the consumers.
